Background: Type D personality has been associated with a variety of emotional and social difficulties as well as with poor prognosis in patients with established coronary heart disease (CHD). We examined the psychometric properties and validity of the Type D Scale-14 (DS14) and the prevalence of Type D personality among Greek patients with CHD while taking into account demographic; clinical, such as diabetes mellitus, hypertension, and hypercholesterolemia; as well as psychological variables such as depression, anxiety, and psychological stress.
Background
Cardiac problems, such as coronary heart disease, myocardial infarction (MI), arrhythmias, and hypertension, are associated with acute and with chronic mental stress [1, 2] . Depression and anxiety can be generally regarded as factors associated with increased morbidity and mortality of coronary heart disease [3] .
However, studies suggest that the diagnosis itself is not the most decisive factor. Research has also indicated that what defines the depressed feeling, rather than the physical symptoms of depression, is important for coronary heart disease [4] . These symptoms reflect long-standing psychological attitudes, rather than a specific psychiatric condition. Several other negative emotions, apart from anxiety and depressed mood, have also been associated with coronary heart disease. These include anger, hostility, and physical exhaustion [5] .
Personality is an important determinant of the emotional and physical health of patients with coronary heart disease [6] . Certain personality traits may promote while some others may hinder the development of social contacts and links, therefore strengthening or weakening a supportive social network, whose absence has been associated with increased morbidity and mortality in heart disease [4, 7] .
In recent years, studies have focused on negative emotions and social isolation as risk factors associated with the diagnosis and development of coronary heart disease, myocardial infarction, and cardiac death [8] . Thus, there is a research interest on Type D personality, also called 'distressed personality'. This type of personality is defined by two stable traits: negative affectivity (NA) which refers to a range of negative emotions experienced by the individual and social inhibition (SI) which refers to the expression of these negative emotions in social transactions leading to excessive distress. Type D personality has been associated with a variety of emotional and social difficulties as well as increased morbidity and mortality in patients with diagnosed heart disease [9] [10] [11] . Studies have focused on cardiac patients with myocardial infarction and coronary heart disease in general. In these studies, Type D personality was assessed as an independent risk factor for coronary heart disease [4, 12, 13] . Type D personality has been found to prospectively affect quality of life, poor response to treatment, and mortality in patients with myocardial infarction, chronic heart failure, hypertension, and peripheral arterial disease [9, [14] [15] [16] , though negative findings have been reported as well [17] [18] [19] .
Taking into consideration the possible impact of personality traits on coronary heart disease, the validation of the scale and its correlation with other parameters would contribute to a more comprehensive control of the disease risk factors for Greek patients.
Aim
The purposes of this study are (1) to assess the reliability and validity of the scale in a Greek population and (2) to assess the relationship between Type D personality and stable coronary heart disease, by taking into account demographic, clinical, and psychological data of the patients.
We hypothesize that people with Type D personality are more prevalent among patients with stable coronary heart disease compared to healthy controls in a Greek population and that this type of personality is related to clinical and psychopathological aspects.
Methods

Subjects
Stable coronary heart disease (CHD) patients who attended the outpatient cardiologic department of the "Attikon" University General Hospital of Athens, from January 2009 to February 2010, were asked to participate in this study, which is part of a wider research project of the cardiologic department regarding the management of dyslipidemia in patients with stable CHD [20] . Patients were included in the study if they had previously been hospitalized for acute coronary syndrome (ACS) more than 6 months ago, in order to be considered stable, or had undergone coronary artery bypass graft (CABG; >6 months) or coronary angiography for chest pain with documented CHD. Coronary artery stenosis was defined as ≥50% reduction in the lumen diameter of any of the three coronary arteries or their primary branches. Exclusion criteria were ACS or CABG within the previous 6 months, clinical evidence of heart failure (≥class II according to the New York Heart Association, chronic renal failure (creatinine levels >2 mg/dl (176.8 μmol/l)), and coexistent malignancy or inflammatory disease. During the study period (January 2009 to February 2010), cardiologists referred patients who fulfilled the aforementioned criteria. From a total of 152 patients, 39 were excluded due to insufficient knowledge of the Greek language, education level (less than 6 years, corresponding to elementary education in Greece; if there was, additionally, inadequate understanding of the questions), and various degrees of cognitive impairment. Seventeen patients refused to participate. The remaining 96 patients were included in the study. As a control group (CG), we used 80 healthy subjects from the general population matched for sex and age, who were recruited during the same time period. Subjects were not included if they suffered from cardiac diseases and hypertension, diabetes mellitus, hypercholesterolemia, or other life-threatening diseases; had various degrees of cognitive impairment; had a history of psychiatric disorders; or did not have sufficient knowledge of the Greek language in order to understand the questions. The participation of people in the control group was voluntary, without any financial compensation. The study protocol was approved by the Ethics Committee of the "Attikon" University General Hospital of Athens. All participants provided written informed consent, and the study was carried out in accordance with the Declaration of Helsinki.
Procedure
For all subjects, demographic data (gender, age) and lifestyle factors, such as smoking and alcohol use, were reported. Clinical data from the patient's medical history, such as diabetes mellitus, hypertension, hypercholesterolemia, previous myocardial infarction, and medication history, were recorded. The following definitions were used: hypertension, blood pressure ≥140/90 mmHg and/or antihypertensive treatment; diabetes mellitus, fasting plasma glucose >125 mg/dl (6.9 mmol/l) and/or glucose-lowering treatment; and hypercholesterolemia, total cholesterol >200 mg/dl (5.2 mmol/l) and/or lipidlowering treatment [20] .
Type D personality
Two psychiatrists, bilingual in Greek and English, working independently translated the Type D Scale-14 (DS14) from the original English version [8] into Greek. Then they examined the two drafts and chose the expressions, item by item, that best conveyed the sense of the original. The new Greek text agreed was also given to another Greek psychiatrist, bilingual and fluent in English, who was requested to translate it back into English. The back-translated and original versions were found to be identical in terms of content on all items, with minor grammatical differences. The new Greek text was almost identical to the Greek version of the same scale as translated by Tziallas and colleagues [21] . It is worth noting that our study started prior to the publication of the aforementioned article including the validated scale in Greek.
All participants, both patients and controls, completed the Type D personality scale. The 14 items are rated on a 5-point Likert scale from 0 (false) to 4 (true). Seven items comprise NA which includes discomfort, anxiety (worry), and irritability, and seven items comprise the subscale SI which involves discomfort in social interactions, taciturnity-reticence, and lack of social poise. Individuals are classified as having Type D personality if both negative affectivity and social inhibition are rated greater than or equal to 10 [8] . The Greek version of the DS14 is presented in Additional file 1.
Hospital Anxiety and Depression Scale
The patients also completed the Hospital Anxiety and Depression Scale (HADS). This is a short self-assessment scale measuring anxiety and depression, which are the most common emotions that cause psychological distress in patients. The scale consists of two seven-item subscales that assess anxiety or depression excluding somatic symptoms. Responses to items are indicated on a 4-point Likert scale from 0 to 3 (score range 0-21), with a high score indicating more symptoms [22] . The scale has been translated and validated in Greek [23] . The total scores of depression and anxiety subscales were estimated separately, as well as their sum, as an assessment of psychological stress.
Statistical analyses
Descriptive statistics were measured by calculating means or medians, standard deviations, minimum and maximum values, as well as absolute and relevant frequencies.
Normality was assessed by Kolmogorov-Smirnov's Z test. We then proceeded with two independent sample t tests. Despite the fact that the plots of both factors were skewed, we present the results of the aforementioned parametric test only; as we checked the comparisons' results with the non-parametric Mann-Whitney U test, they did not differ from those with the t test. Effect size was estimated with Cohen's d coefficient. Correlations were measured by Pearson's r correlation coefficient.
Concerning internal consistency, we calculated Cronbach's alpha coefficient and the corrected item-total correlation coefficients as well as the individual contribution of each item in the central tendency and variance.
The internal-structural validity of the scale was assessed by factor analysis (two-factor solution) in order to investigate whether the factor structure of the Greek version of the scale was the same as that of the prototype one.
The percentage ratio differences of the presence of Type D personality by the presence of CHD were assessed with the chi-square test.
Finally, a hierarchical multiple regression analysis was performed in order to estimate the prediction of HADS and its subscales (dependent variables), mainly from the two factors (NA and SI) of the DS14.
Results
Demographics and baseline characteristics
Ninety-six (mean age 59.03 ± 11.15, 89.6% males) patients with CHD and 80 (mean age 56.09 ± 9.94, 88.8% males) individuals from the general population as CG participated in the study. There were no differences in age or gender between the CHD and the control group (n = 176; age: df = 174, t = −1.86, p = 0.073; gender: df = 1, χ 2 = 0.03, p = 0.859). Seventy-five (78%) of the patients with CHD and 64 (80%) of the CG were married (df = 1, n = 176, χ 2 = 0.09, p = 0.79).
Concerning smoking, significantly more participants of the CG (41, 51.2%) than the CHD one (21, 21.9%) were smoking (df = 1, n = 176, χ 2 = 15.37, p < 0.001). Similarly, more participants of the CG (27, 33 .8%) than the CHD one (10, 10.4%) were using alcohol at the time of the study (df = 1, n = 176, χ 2 = 14.31, p < 0.001). Ninety-five of the 96 patients were under treatment, with one or more of the following medications: antiplatelet treatment, lipid-lowering medication, beta-blockers, and angiotensinconverting enzyme inhibitors, at the time of examination.
Type D validity
Concerning the NA factor's internal consistency, the overall sample's Cronbach alpha coefficient equalled 0.88. For the CG and CHD groups separately, the coefficients were 0.88 and 0.83, respectively. For the overall and CG samples, the corrected item-total correlation coefficients were moderate to high ranging from 0.56 and 0.61 for item 2 to 0.79 and 0.75 for item 13, respectively. For the CHD group, the correlation coefficients were rather low ranging from 0.27 to 0.60 for items 2 and 13, respectively. As far as the SI factor's internal consistency is concerned, the overall sample's Cronbach alpha coefficient equalled 0.77. For the CG and CHD groups separately, the coefficients were 0.76 and 0.72, respectively. For all the overall, CG, and CHD group samples, the corrected item-total correlation coefficients were low to moderate and even high for the CG ranging from 0.27, 0.18, and 0.21 for item 3 to 0.45, 0.73, and 0.57 for item 10, respectively.
The internal-structural validity of the two scales' factors was examined for both groups at the same time, through a factor analysis ( Table 1 ). These two factors clearly reflected the negative affectivity and social inhibition subscales with satisfactory factor loadings ranging from 0.68 to 0.83 for the negative affectivity and 0.38 to 0.80 for social inhibition. NA and SI were positively correlated according to Pearson's r correlation (r = 0.41, p < 0.001).
Type D prevalence
The median scores of the two factors were 10 for NA and 9 for SI. However, we used the standardized cutoff point ≥10 for both factors in order to discriminate the participants as Type D personalities with a view to having compatible results with the majority of studies which use this cutoff point instead of the medians.
There were significant differences in the presence of Type D personality between the CHD (51%, n = 49) and the control (12.5%, n = 10, χ 2 (df = 1, n = 176) = 29.09, p < 0.001) group.
In addition, the control group reported less negative affectivity (M = 6.15, SD = 5.71) as compared to the CHD group (M = 13.71, SD = 6.41) (t (174) = −8.18, p < 0.001). Similarly, the control group reported less social inhibition (M = 7.45, SD = 4.57) in comparison to the CHD group (M = 11.82, SD = 5.68) (t (174) = −5.66, p < 0.001).
Within the CHD group, the people with Type D personality showed a significant increased prevalence of having type 2 diabetes (41% versus 21%, χ 2 (df = 1, n = 96) = 4.26, p = 0.039) compared to the non-Type D patients (Figure 1 ). There was no difference in previous MI (78% versus 70%, χ 2 (df = 1, n = 96) = 0.67, p = 0.412), hypertension (61% versus 68%, χ 2 (df = 1, n = 96) = 0.49, p = 0.482), or hypercholesterolemia (18% versus 13%, χ 2 (df = 1, n = 96) = 0.57, p = 0.44) between the groups (Figure 1 ).
Hospital Anxiety and Depression Scale
The Pearson r coefficient was also used to assess the correlation between depression, anxiety, and psychological stress (total score of HADS) for the cardiovascular patients. All coefficients were statistically significant (p < 0.001) and of positive direction, particularly anxiety, 0.76 with NA and 0.33 with SI; depression, 0.63 with NA and 0.43 with SI; and total psychological stress, 0.77 with NA and 0.41 with SI. In all cases, higher NA and SI are connected with higher anxiety, depression, and total psychological stress.
We then proceeded by conducting three hierarchical multiple regression analyses in order to estimate the prediction of anxiety, depression, and total psychological stress (dependent variables) from age and sex (first step), NA and SI (second step), and all the possible predictors' interactions (third step) whose contribution was in all cases not significant and thus not presented. Concerning the prediction of anxiety, depression, and psychological stress in patients with CHD, the results of the analysis are presented on Table 2 . According to the beta coefficients, only gender contributes significantly to the prediction, with women having higher levels of anxiety (it is noteworthy that the number of females in our sample is small). Finally, according to the beta coefficients, higher levels of both NA and SI are associated with higher levels of anxiety, depression, and psychological stress ( Table 2 ).
Discussion
The aim of this study was to examine the reliability and validity of the DS14 in patients with stable coronary heart disease. The relationship between Type D personality and stable coronary heart disease based on demographic, clinical, and psychological factors was also examined. The validity of the scale was found sufficient, and the prevalence of Type D personality was higher in patients with stable coronary heart disease than in people from the general population. Higher NA and SI were positively correlated with higher levels of anxiety, depression, and psychological stress. Regarding other coronary heart disease risk factors, only type 2 diabetes was found to be more prevalent in patients with CHD.
The Greek version of the DS14 demonstrated good psychometric properties and a sufficient degree of internal consistency. Factor analysis indicated a two-factor solution. These were labeled as the NA and SI factors in accordance with their corresponding high-loading items. These finding are in accordance with previous studies [7, 8] .
The median scores of the two factors were 10 for NA and 9 for SI. Grande and colleagues [24] suggested medians of 10 and 9 for the NA and SI subscales, respectively, as well. However, we used cutoff point ≥10 for both subscales in order to have compatible results with the majority of studies which use this standardized cutoff point instead of the median scores [8] .
Using the recommended aforementioned cutoff point to define Type D personality, 51% of the cardiovascular patients, 12.5% of the control group, and 33.5% of the total sample were categorized as having Type D personality. The prevalence of 51% in the cardiac sample of our study was higher than those found in other European and Asian samples. In European countries, the prevalence of Type D personality among patients with coronary heart disease ranged from 15% to 36% [25, 26] , and in Asian countries (China and Korea), it ranged from 26.1% to 31.4% [27] [28] [29] . The current study showed that the prevalence of Type D personality in the control group was 12.5%. In previous research conducted in Europe, the prevalence of the scale in the general population or healthy controls was 13.3% to 38.5% [30, 31] .
Denollet [8] found that Type D personality was more prevalent in hypertension patients compared with individuals from the general population (53% versus 19%), whereas we did not observe a difference in Type D personality prevalence in the patients with comorbid hypertension.
Also, in Italy, the prevalence of Type D personality was estimated up to 39% in patients attending a program of cardiac rehabilitation [32] . Moreover, in a recent Greek study, the prevalence of Type D personality for patients who met the diagnostic criteria for the metabolic syndrome was 44%, a percentage significantly higher than that of the control group (15%) [21] .
Finally, according to a recent review article, it seems that Type D personality among patients with ischemic heart disease is more prevalent in southern (37%) as well as eastern (35%) European countries, when compared to western (27%) and northern (24%) European countries [33] . The above results indicate that the prevalence of Type D personality in patients with CHD varies in different countries. The reason for this variation remains unclear. Some studies report that ethnic and cultural differences among countries may be responsible for variation in Type D personality prevalence [27, 29, 33] . Depression and other personality traits seem to differentiate across country clusters, with the southern and eastern European ones displaying higher prevalence rates [33] . In our study, there is a large difference between the prevalence of personality Type D in the control group and cardiac patients. The majority of Greek people, as well as people from other Mediterranean countries, have been described as being both socially and temperamentally more extroverted and also more optimistic about the future. These could justify the low score of those from the general population. On the other hand, in these countries, people with inhibited sociality and negative emotions could be characterized, culturally, as having abnormal features (traits). These individuals have traits that are in contrast to the majority of people around them, and this may contribute to a higher rating than average and, possibly, to an increased vulnerability to a cardiac event.
It should be noted that the study was conducted prior to the onset of the economic crisis in Greece, which gradually started from April 2010.
According to our findings, higher NA and SI are associated with higher anxiety, depression, and total psychological stress. Moreover, higher levels of both NA and SI were correlated with higher levels of anxiety, depression, and psychological stress. In a study [25] , univariable linear and logistic regression analyses were used in order to confirm that Type D personality was associated with an increased risk of anxiety and depression as measured by HADS. In the same study, multivariable linear regression showed that Type D personality remained independently associated with an increased risk of anxiety and depression adjusting for baseline sociodemographic and clinical characteristics [25] . Furthermore, another recent study using the same scale (HADS) found high correlation between negative affectivity and anxiety and depression [34] .
According to our results, more patients with CHD and Type D personality than those without Type D personality were diagnosed with diabetes mellitus, but no differences were observed in hypertension or hypercholesterolemia. Mommersteeg and colleagues [35] did not find significant differences in diabetes mellitus, but found differences in two other components of the metabolic syndrome (lipid abnormality and hypertension), between people with Type D and non-Type D personalities. Similarly, Svansdottir and colleagues [36] found that Type D personality was associated with high prevalence of hypertension, diabetes, blood lipids, wider waist circumference, and elevated body mass index. Nevertheless, several studies did not find differences regarding diabetes mellitus or other usual cardiovascular risk factors among patients with Type D and non-Type D personalities [25, 28] . Overall, the findings of the studies are inconsistent, and further research is needed to establish an accurate association between the type of personality and other risk factors for CHD.
Some study limitations should be mentioned. The findings of the present study should be interpreted with some caution. The total sample size is not large, and the number of women is particularly low. Thereby, examining the findings separately for sex was not valid. Test-retest reliability could not be assessed in order to confirm the temporal stability of the scale.
